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The principle of the heterodyne transient grating method ( Figure S1 ) When a pump beam is incident on a transmission grating; an intensity pattern of an optical fringe is formed close to the grating. When a sample is placed near the transmission grating, it can be excited by the fringe pattern of the pump light. The refractive index of the sample changes giving the same pattern as the optical fringe because of photochemical or photothermal processes; the pattern of refractive index change is called a transient grating. When another light beam (probe light) is incident on the transient grating, a part of the probe is transmitted (reference), or another part of the probe is once diffracted by the transmission grating and refracted by the transient grating into the same direction with the reference (signal). The intensity of the mixture of the signal and reference (heterodyne signal) was monitored as the time passes. The fringe pattern is gradually lost by the intrinsic lifetime of the physical phenomena in the perpendicular direction to the fringe. 
S3
Phase dependence of the HD-TG responses and the transient absorption response (Figure S3 ) In principle, the heterodyne signal intensity is expressed as follows:
where I ref and I pr represent the intensities of the reference and probe, respectively; E ref and E pr represent the electric field of the reference and probe, respectively; φ, the phase difference between the signal and the reference.φ 0 is the initial phase difference and φis given by
, where ∆l is the optical path difference between the signal and reference fields. By changing the distance between a sample and the transmission grating, the phaseφ can be continuously changed, and when it is changed byπ, the HD-TG response is reversed in sign. As can be seen in the Fig. S3 , the faster component did not have the phase dependence, while the slower one did. 
